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Abstract
Objective

In primary Sjögren’s disease (pSjD), in addition to glandular inflammation and atrophy, functional secretion 
impairment may contribute to dryness. Altered protein distribution and antibodies against aquaporin-5 (anti-AQP5) 

and poly-U-binding factor 60kDa protein (anti-PUF60) have been reported in pSjD and may be specifically implicated 
in the glandular secretive processes. This study aimed to assess the occurrence of serum anti-AQP5 and anti-PUF60 

antibodies and their correlations with clinical and laboratory features of pSjD. 

Methods
Blood samples from pSjD patients and healthy donors (HD) were collected, and anti-AQP5 and anti-PUF60 antibodies

 were detected using an enzyme-linked immunosorbent assay. Differences between groups were evaluated using 
appropriate statistical tests, and odds ratios (OR) of high disease activity were assessed by multivariate stepwise 

backward multiple regression and adjusted for clinical covariates.

Results
Serum samples from 36 pSjD patients and 8 HD were analysed, and anti-AQP5 and anti-PUF60 antibody levels 

were not significantly different between groups. However, pSjD patients with high disease activity (n. 10) had 
significantly higher levels of anti-AQP5 antibodies compared to those with low-moderate disease activity (p<0.001). 

At logistic regression analysis, variables associated with high disease activity were anti-AQP5 (OR 128.9, 
95% CI 2.7–615), C-reactive protein (OR 12.9, 95% CI 1.2–137.2), and C4 <10 mg/dl (OR 60, 95% CI 1.1–318.9).

Conclusion
Our pilot study confirms that anti-AQP5 antibodies may discriminate pSjD patients with high disease activity. 

These findings offer valuable clinical implications for managing pSjD patients, potentially identifying patients at 
high risk of glandular deterioration.
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primary Sjögren’s disease, anti-aquaporin-5, anti-poly-U-binding-factor-60, ESSDAI, ESSPRI



2421Clinical and Experimental Rheumatology 2024

Anti-AQP5 and anti-PUF60 as biomarker in Sjögren’s disease / S. Stano et al.

Stefano Stano, MD*
Fabio Cacciapaglia, MD, PhD*
Angela Rinaldi, MD
Maria Giannotta, MD
Eduardo Urgesi, MD
Dorotea Natuzzi, PhD
Florenzo Iannone, MD, PhD
*Contributed equally.
Please address correspondence to:
Florenzo Iannone
U.O. di Reumatologia,
Dipartimento di Medicina di
Precisione e Rigenerativa (DiMePRe-J),
Università di Bari,
Piazza G. Cesare 11
70124 Bari, Italy.
E-mail: florenzo.iannone@uniba.it
Received on April 8, 2024; accepted in 
revised form on June 18, 2024.
© Copyright CliniCal and 
ExpErimEntal rhEumatology 2024.

ORCID iD
S. Stano: 0000-0001-5207-7913
F. Cacciapaglia: 0000-0001-7479-4462
E. Urgesi: 0000-0002-0458-1469
F. Iannone: 0000-0003-0474-5344
Competing interests: F. Iannone has 
received honoraria or consulting fees 
from Alfasigma, GSK, Novartis, Pfizer. 
The other authors have declared 
no competing interests.

Introduction
Primary Sjögren’s disease (pSjD) is a 
systemic autoimmune disease charac-
terised by hypofunction of the exocrine 
glands, including salivary and lachry-
mal glands. This causes dryness in dif-
ferent body districts, most commonly 
leading to xerostomia and xerophthal-
mia. The pathogenesis of this disease 
is multifactorial and remains poorly 
understood (1).
Phenotypic characterisation of dif-
ferent mononuclear cells infiltrating 
the affected tissues offers additional 
insights concerning cellular prolifera-
tion, survival, and migration mecha-
nisms, antibody secretion and the po-
tential of forming tertiary lymphoid 
structures, known as germinal centres 
(2). Specifically, chronic lymphocytic 
sialadenitis, predominantly consisting 
of CD4+ T-lymphocytes and CD20+ B-
lymphocytes infiltrating glandular tis-
sue, promotes the maintenance of the 
inflammatory processes and the local 
expression of self-antigens. This acti-
vates B-cells and triggers the formation 
of specific autoantibodies, including 
SS-related antigen A (SSA), SS-related 
antigen B (SSB) but also rheumatoid 
factors (RF), and newly discovered au-
toantibodies whose role in pSjD is still 
unknown (3).
Antibodies against poly-U-binding fac-
tor 60 kDa (PUF60) protein have been 
recently identified in pSjD and dermat-
omyositis (DM) patients. In pSjD, these 
antibodies were associated with anti-
Ro52 antibodies, RF, and hyperglobuli-
naemia. Still interestingly, they also had 
a higher prevalence of skin ulcerations 
and increased disease activity levels 
over time in DM (4). PUF60 is a nucle-
ic acid-binding protein, also known as 
RoBPI (Ro RNP-binding protein), cata-
lysing the initial phase of spliceosome 
assembly through the interaction with 
specific ribonucleoproteins (RNPs), 
such as Ro60, which contributes to 
small RNAs quality control. However, 
the precise clinical significance of anti-
PUF60 antibodies in pSjD pathogenesis 
is incompletely understood (5).
A master regulator of the physiologi-
cal secretory process, known to be ab-
normally distributed and expressed in 
pSjD patients, is aquaporin-5 (AQP5). 

This small integral membrane protein 
allows the diffusion of water and small 
solutes by forming highly selective 
pores in the apical membrane of acinar 
cells of salivary glands (6). Dysfunc-
tional AQP5 proteins in pSjD patients 
may contribute to decreased salivary 
secretion, and it has been hypothesised 
that anti-AQP5 antibodies may contrib-
ute to this secretive impairment. The 
experimental induction of anti-AQP5 
antibodies in mouse models leads to 
sialadenitis and reduced salivary flow 
(7). Recently, it was suggested that 
anti-AQP5 antibodies are specific to 
pSjD patients and linked to the pres-
ence of other autoantibodies, including 
anti-SSA, RF, and ANA, but also to 
histopathologic features of pSjD. How-
ever, the relationship with the systemic 
manifestations of pSjD has not been 
investigated so far (8).
Therefore, the primary endpoint of this 
study was to assess the circulating lev-
els of anti-AQP5 and anti-PUF60 an-
tibodies in Italian pSjD patients and, 
secondly, to investigate potential corre-
lations of these antibodies with clinical 
and laboratory features such as disease 
activity and symptoms of patients in 
pSjD. 

Materials and methods
Patients
Patients with a diagnosis of pSjD ac-
cording to the 2016 ACR-EULAR 
Classification Criteria for pSjD (9), 
consecutively examined at the Rheu-
matology Outpatient Clinic of the Uni-
versity of Bari “Aldo Moro” and giving 
their consent for the study were enrolled 
and cross-sectionally evaluated. Age- 
and sex-matched healthy donors (HD), 
without any sicca symptom, were se-
lected as a control group. Demographic 
and clinical data were recorded, includ-
ing age (years), sex, disease duration 
(months), disease activity according to 
EULAR Sjögren’s syndrome disease 
activity index (ESSDAI) (10) and sub-
jective symptoms assessment via the 
EULAR Sjögren’s Syndrome Patient 
Reported Index (ESSPRI) (11).
The ESSDAI is a EULAR-validated 
outcome measure used for the objective 
clinical evaluation of disease activity in 
patients with pSjD, developed to pro-
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vide a standardised assessment of organ 
systems and clinical manifestations as-
sociated with pSjD. The ESSDAI score 
is calculated based on the presence and 
severity of clinical manifestations in 
12 domains, including constitutional, 
lymphadenopathy, glandular, articular, 
cutaneous, pulmonary, renal, muscu-
lar, peripheral nervous system, central 
nervous system, haematological, and 
biological domains, each representing a 
different aspect of the disease and con-
tributing to the ESSDAI score (12). The 
ESSPRI is a simple patient-reported 
outcome measure (PROM), designed to 
assess patient-reported symptoms and 
their impact on individuals with pSjD. 
Unlike the ESSDAI, which focuses on 
clinical and objective measures of dis-
ease activity, the ESSPRI is centered 
around the patient’s subjective percep-
tion of symptoms, including dryness, 
fatigue, and pain in the last two weeks 
on a visual analogue scale (VAS) from 
0 to 10. Together with the ESSDAI, the 
ESSPRI provides a more comprehen-
sive assessment of pSjD by considering 
both clinical-objective and patient-sub-
jective evaluations. According to the 
ESSDAI assessment, the visiting phy-
sician considers a patient to have high 
disease activity when the score is ≥14. 
At the same time, an ESSPRI score ≥5 
is the cut-off for high severity of symp-
toms, as perceived by the patient (13).
The clinical assessment encompassed 
data regarding sicca symptoms, but 
also the presence of salivary gland 
enlargement or development of extra-
glandular manifestations. The labora-
tory panel included full blood count 
(FBC), liver and kidney function tests, 
erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), antinuclear 
antibodies (ANA), anti-Ro/SSA and/
or anti-La/SSB autoantibodies, comple-
ment C3 and C4 fractions, rheumatoid 
factor (RF) and a qualitative cryoglobu-
linemia test. Ongoing treatments were 
recorded, including corticosteroids 
(CCs), immunosuppressive agents, and 
pilocarpine. 
This study complied with the ethi-
cal guidelines of the 1975 Helsinki’s 
Declaration and was approved by the 
local ethics committee (Ethics Review 
Board of the Bari Policlinico, comi-

tatoetico@policlinico.ba.it, protocol 
no. 5277). All enrolled subjects gave 
written informed consent to participate 
with explicit personal data protection.

AQP5 and PUF60 antibodies detection
Blood samples from pSjD patients 
and HD were collected in tubes dur-
ing clinical evaluation and, after clot 
formation at room temperature for at 
least 15 minutes, was centrifuged for 
10 minutes at 2000 Relative Centrifu-
gal Force (RCF). Serum aliquots were 
stored at -30°C until use. The presence 
of antibodies against AQP5 and PUF60 
proteins was assayed by commercially 
available immunological tests using the 
two-site sandwich ELISA method. The 
PUF60 ELISA kit (MBS280488, spe-
cies: Human, MyBiosource, Southern 
California, San Diego, USA) and the 
AQP5 ELISA kit (SEA583Hu, humans, 
Cloud-Clone, Katy, Texas, USA) were 
used for quantitative measurement of 
human PUF60 and AQP5 antibodies in 
our study samples, respectively. 
Briefly, according to the manufacturer’s 
instructions, the serum samples and 
standards were appropriately diluted 
and incubated in duplicate for 2 hours 
at 37°C in 96-well microplates. Then, 
after the required washes, 100 μL of 
biotin conjugate (1 x) was added to 
each well for a further 1-hour incuba-
tion at 37°C. Again, after washing in 
triplicate with fresh wash buffer and its 
complete removal by aspiration, 100 μL 
of Streptavidin- horseradish peroxidase 
(HRP) (1 x) was added to each well and 
incubated for 1 hour at 37°C. After the 
last cycle of three washes, 100 μL of 
substrate solution was added to each 
well and incubated again for 15 minutes 
at 37°C in the dark. After adding 50 µL 
of stop solution to each well, the optical 
density of each well was read using a 
reader set at 450 nm and 540 nm. Read-
ings at 540 nm were subtracted from 
those at 450 nm to correct for optical 
plate imperfections and improve accu-
racy. The average of duplicate readings 
for each standard and sample was re-
corded, and the average of zero stand-
ard optical density was subtracted. Af-
ter creating a standard curve by gener-
ating a four-parameter logistic curve fit, 
the data were obtained by plotting the 

standard curve or the samples for AQP5 
or PUF60 antibody concentrations.
Positive antibody status was attributed 
if a concentration greater than 2 stand-
ard deviations (SD) of the mean HD 
value was detected.

Statistical analysis
Data are expressed as mean and SD, 
median and interquartile range (IQR), 
or number and percentage, when ap-
propriate. The distribution of data was 
assessed with the Shapiro-Wilk test. 
Differences between continuous vari-
ables were evaluated using the Mann-
Whitney test, while Fisher’s probability 
test was used for differences between 
categorical data. 
Odds ratios (OR) of high disease activ-
ity, defined as ESSDAI ≥14, were esti-
mated via adjusted logistic regression 
analysis. Of the available variables, 4 
were included in the final adjusted mod-
el as confounders of interest: disease du-
ration (months), age (years), oral corti-
costeroid (CCS) therapy (yes or no), and 
elevated ESSPRI level (score ≥5). Varia-
bles investigated in the regression mod-
el were anti-AQP5 level, anti-PUF60 
level, presence of anti-SSA antibodies, 
presence of anti-SSB antibodies, RF 
positivity, reduction of C3 (>90 mg/dL) 
and C4 (>10 mg/dL) complement frac-
tions, increase of inflammatory markers 
(ESR >20 mm/h and CRP >2.9 mg/L), 
and presence of cryoglobulinaemia.
The results are presented as OR with 95% 
confidence intervals (CI). For all tests, a 
p-value <0.05 was considered statistical-
ly significant. Data were analysed using 
GraphPad Prism software (v. 9.5.1). 

Results
Serum samples from 36 pSjD patients 
and 8 HD were analysed (Table I). All 
recruited subjects were female. The 
mean age ± SD among pSjD patients in 
our cohort was 53 years old ± 11 years, 
with a median (IQR) disease duration 
of 24 months (6–74 months). Anti-
AQP5 and anti-PUF60 levels did not 
significantly differ between pSjD pa-
tients and HD. The mean ± SD serum 
anti-AQP5 level was 986±156 pg/ml 
in pSjD patients and 933±210 ng/ml in 
HD (p=0.45), while the mean ± SD se-
rum anti-PUF60 level was 225±76 pg/
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ml and 75±31 pg/ml (p=0.75), in pa-
tients with pSjD and HD, respectively. 
Considering the positivity status for 
anti-AQP5 (defined cut-off: 1353 pg/
ml) and anti-PUF60 (defined cut-off: 
137 pg/ml), 5 out of 36 (13.9%) pSjD 
patients and none of HD were anti-
AQP5 positive (p=0.56), while 10 out 
of 36 (27.8%) pSjD patients and 1 HD 
were anti-PUF60 positive (p=0.65). 
However, anti-AQP5 level (p>0.001) 
and anti-PUF60 level (p>0.0001) 
were significantly associated with el-
evated ESSPRI (≥5) in our cohort. 
Furthermore, a significant association 
of anti-AQP5 antibody levels with the 
presence of RF (p>0.0001), anti-SSB 
(p>0.01), and ANA (p>0.05), but not 
anti-SSA antibodies, was observed. 
Similarly, anti-PUF60 antibody levels 
were significantly associated with RF 
(p>0.0001), anti-SSB (p>0.0001), and 

Table I. Features of pSjD patients and HD, compared according to disease activity state expressed as low-moderate or high ESSDAI.

Characteristics SS patients (n.36) HD (n.8) ESSDAI < 14 (n.26) ESSDAI ≥ 14 (n.10) p-value

Age (years) ± SD 53 ± 11 54 ± 8 55 ± 10 49 ± 14 0.22
Female n. (%) 36  (100) 8  (100) 26  (100) 10  (100) 0.99
Anti-AQP5 (pg/mL) median (IQR) 765 (592 - 1138) 960 (840 - 1110) 675 (570 - 862) 1365 (815-1835) 0.0008*
Anti-AQP5 positive n. (%) 5  (13.9) 0  (0) 0  (0) 5  (50) 0.0007*
Anti-PUF60 (pg/mL) median (IQR) 47.0 (20.7 – 206.8) 51.0 (16.0 – 77.0) 44.5 (16.0 – 205.5) 51.0 (43.5-234.3) 0.37*
Anti-PUF60 positive n. (%) 10  (27.8) 1  (12.5) 7  (26.9) 3  (30) 0.99*
Disease duration (months) median IQR 24 (6 - 74)   26 (10 - 85) 6 (3 - 25) 0.048
ESSPRI ≥ 5 n. (%) 14  (38.9)   7  (26.9) 7  (70) 0.026
ANA positive n. (%) 36  (100)   26  (100) 10  (100) 0.99
anti-SSA positive n. (%) 31  (86.1)   22  (84.6) 9  (90) 0.99
anti-SSB positive n. (%) 18  (50)   14  (53.8) 4  (40) 0.71
RF > 15 UI/ml n. (%) 14  (38.9)   10  (38.5) 4  (40) 0.99
C3 < 90 mg/d n. (%)  7  (19.4)   5  (19.2) 2  (20) 0.99
C4 < 10 mg/dL n. (%)  5  (13.8)   2  (7.7) 3  (30) 0.12
ESR > 20 mm/ n. (%) 20  (55.6)   14  (53.8) 6  (60) 0.99
CRP >2.9 mg/L n. (%) 12  (33.3)   6  (23.1) 6  (60) 0.053
Cryoglobulinaemia n. (%) 7  (19.4)   2  (7.7) 5  (50) 0.01
WBC <3.000/mm3 n. (%) 7  (19.4)   5  (19.2) 2  (20) 0.99
Joint involvement n. (%) 25  (69.4)   16  (61.5) 9  (90) 0.13
Skin manifestations n. (%) 7  (19.4)   4  (15.4) 3  (30) 0.37
Kidney involvement n. (%) 3  (8.3)   2  (7.7) 1  (10) 0.99
Pilocarpine treatment  n. (%) 6  (16.7)   4  (15.4) 2  (20) 0.99
CS treatment n. (%) 19  (52.8)   13  (50) 6  (60) 0.72
HCQ treatment n. (%) 15  (41.7)   10  (38.5) 5  (50) 0.71
MTX treatment n. (%) 6  (16.7)   4  (15.4) 2  (20) 0.99
RTX treatment n. (%) 3  (8.3)   0  (0) 3  (30) 0.02
Xerostomia n. (%) 34  (94.4)   25  (96.1) 9  (90) 0.48
Xeropthalmia n. (%) 33  (91.7)   24  (92.3) 9  (90) 0.99
Schirmer test positive n. (%) 33  (91.7)   24  (92.3) 9  (90) 0.99
Focus score (0-4)  median IQR 4  (1 - 4)   4 (1 - 4) 4 (3 - 4) 0.61

(* ESSDAI <14 vs. >14) 
pSjD: primary Sjögren’s disease; HD: healthy donors; SD, standard deviation; IQR: interquartile range; anti-AQP5: anti-aquaporin 5; anti-PUF60: anti-poly-
U-binding factor 60 kDa protein; ESSDAI: EULAR Sjögren’s syndrome disease activity; ESSPRI: EULAR Sjögren’s Syndrome Patient Reported Index; 
ANA: antinuclear antibodies; anti-SSA: anti-Sjögren’s-syndrome-related antigen A (Ro) autoantibodies; anti-SSB: anti-Sjögren’s-syndrome-related antigen 
B (La) autoantibodies; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; WBC: white blood cells; CS: corticosteroids; 
HCQ: hydroxychloroquine; MTX: methotrexate; RTX: rituximab; NA: not assessable.
p-value >0.05, comparing SS patients with high vs. low-moderate ESSDAI.

Fig. 1. Anti-AQP5 antibodies level in HD and pSjD patients, classified as low-moderate or high disease 
activity state according to ESSDAI.
pSjD: primary Sjögren’s disease; anti-AQP5: anti-aquaporin 5; ESSDAI: EULAR Sjögren’s syndrome 
disease activity; High: ESSDAI ≥14; Low: ESSDAI <14.
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ANA (p>0.05) presence. Still, unlike 
anti-AQP5 antibodies, an association 
was noted between anti-PUF60 anti-
bodies and the presence of anti-SSA 
antibodies (p>0.0001).
Stratifying pSjD patients accord-
ing to ESSDAI disease activity score, 
10 patients (27.8%) had an ESSDAI 
≥14 defined as high disease activity, 1 
(2.8%) had an ESSDAI <14 and >5 ex-
pressing moderate disease activity, and 
25 (69.4%) had an ESSDAI <5, con-
sidered low disease activity. Patients 
with high disease activity had signifi-
cantly higher anti-AQP5 antibody titres 
(p=0.0008) than those with low-mod-
erate disease activity (Fig. 1). On the 
contrary, anti-PUF60 antibodies titres, 
even after stratifying patients according 
to ESSDAI into high and low-moderate 
disease activity, were not significantly 
different between groups (p=0.37). 
In our cohort, pSjD patients with high 
disease activity (ESSDAI ≥14) had 
significantly shorter disease duration 
(p>0.05), higher prevalence of cryo-
globulins (p>0.01), more frequently an 
ESSPRI ≥5 (p>0.03) and elevated CRP 
levels (p=0.05) compared to pSjD pa-
tients with ESSDAI <14. No relevant 
correlation with anti-PUF60 antibody 
levels could be detected.
Therapy with disease-modifying anti-
rheumatic drugs (DMARDs) or oral 
CCS was administered in 26 (72.2%) 
patients. Specifically, 19 (52.7%) pa-
tients were on CCS, 15 (41.7%) re-
ceived hydroxychloroquine, 6 (16.7%) 

methotrexate, and 3 (8.3%) were on 
rituximab; pilocarpine was adminis-
tered in 6 (16.7%) patients. Only treat-
ment with rituximab was significantly 
associated with a high disease activ-
ity state, expressed as ESSDAI ≥14 
(p>0.02).
On the contrary, a focus score at sali-
vary gland biopsy, the presence of xe-
rostomia or xeropthalmia, and positiv-
ity to the Schirmer test were not associ-
ated with an elevated ESSDAI. 
At unadjusted logistic regression analy-
sis, anti-AQP5 and CRP levels were 
able to predict those pSjD patients at 
high disease activity state (ESSDAI 
≥14), with an OR of 49.2 (95%CI 2.9-
82.4; p=0.007) and 5.0 (95%CI 1.1-
23.8; p=0.043), respectively. After ad-
justment for disease duration, age, oral 
CCS treatment, and ESSPRI level, anti-
AQP5 and CRP levels were confirmed 
as predictors of high disease activity, 
with an OR of 128.9 (95%CI 2.7-615.0; 
p=0.014) and OR of 12.9 (95%CI 1.2-
137.2; p=0.034), respectively. Moreo-
ver, a low C4 complement fraction was 
a statistically significant predictor of a 
high disease activity state (OR 60.0 - 
95%CI 1.1-318.9; p=0.043) (Table II). 

Discussion
Our pilot study showed that the level 
of anti-AQP5 antibodies was associ-
ated with a high disease activity state 
according to ESSDAI and subjectively 
increased symptom severity expressed 
via ESSPRI. Similarly, the level of 

anti-PUF60 antibodies was associated 
with increased ESSPRI, but no associa-
tion with ESSDAI was observed. 
Identifying disease-specific biomarkers 
is a clinical challenge, particularly for 
pSjD, where high variability of clinical 
manifestations may hamper disease ac-
tivity and therapeutic outcomes, which 
are evaluated mainly by patients’ re-
ported symptoms (14). Searching for 
specific biomarkers correlating with 
pSjD disease activity has become ex-
tremely important in recent years. A 
significant example is the positioning of 
Ro (SSA) and La (SSB) autoantibodies 
in the American-European Consensus 
Criteria classification criteria for pSjD, 
with considerable value as a diagnostic 
tool in clinical practice (15).
In our cohort, 31 pSjD patients (86.0%) 
presented positivity for anti-SSA anti-
bodies and 17 (47.0%) for anti-SSB an-
tibodies, but in both cases, no relation-
ships with ESSDAI or ESSPRI were ob-
served. Interestingly, the levels of anti-
AQP5 and anti-PUF60 antibodies were 
associated with other autoantibodies, 
including RF, anti-SSB, and ANA, while 
the level of anti-PUF60 antibodies was 
also related to the presence of anti-SSA.
We detected a significant association 
of anti-AQP5 antibody levels with ES-
SDAI and ESSPRI. The fact that AQP5 
plays a key role in regulating exocrine 
glands’ secretive function by controlling 
water fluxes through cell membranes 
has been demonstrated in animal mod-
els. Experimental studies investigating 
the molecular mechanisms of radia-
tion-induced xerostomia in irradiated 
rat submandibular glands confirmed 
the hypothesis that down-regulation of 
AQP5 expression is one of the mecha-
nisms of radiation-induced xerostomia, 
concluding that irradiation significantly 
decreases AQP5 level in submandibular 
glands, the latter being essential in saliva 
flow (16, 17). More recently, it has been 
demonstrated that the experimental in-
duction of anti-AQP5 antibodies by mo-
lecular mimicry in animal models leads 
to decreased salivary flow. Anti-AQP5 
antibodies in mouse models affected 
AQP5 trafficking, interfering with the 
salivary secretive process. It was shown 
that mice positive for the human/mouse 
anti-AQP5 autoantibody had reduced 

Table II. Unadjusted and adjusted odds ratios (OR) of high disease activity state (ESSDAI 
≥14) by logistic regression analysis.

Covariates Unadjusted Adjusted

 OR (95%CI) p-value OR (95%CI) p-value

Anti-AQP5 level 49.2  (2.9 – 82.4) 0.007 128.9  (2.7 – 615.0) 0.014
Anti-PUF60 level  1.0  (1.0 - 1.0) 0.736 1.0  (0.9 - 1.0) 0.638
Anti-SSA positive 1.6  (0.2 - 16.7) 0.678 2.3  (0.2 - 31.6) 0.531
Anti-SSB positive 0.6 (0.2 - 2.5) 0.459 0.5  (0.1 - 3.1) 0.475
RF > 15 UI/ml 1.1  (0.2 - 4.7) 0.932 0.4  (0.1 - 2.9) 0.364
C3 < 90 mg/dL 1.0  (0.2 - 6.5) 0.958 1.9  (0.2 - 19.3) 0.603
C4 < 10 mg/dL 5.1  (0.7 – 37.1) 0.105 60.0  (1.1 – 318.9) 0.043
ESR >20 mm/h 1.3  0.3 – 5.6) 0.740 1.7  (0.3 – 10.6) 0.557
CRP >2.9 mg/L 5.0  (1.1 – 23.8) 0.043 12.9  (1.2 – 137.2) 0.034
Cryoglobulinaemia 12.0  (1.8 – 80.4)  0.10 42.4  (0.8 – 218.2) 0.062

Anti-AQP5: anti-aquaporin 5; anti-PUF60: anti-poly-U-binding factor 60 kDa protein; ESSDAI: 
EULAR Sjögren’s syndrome disease activity; anti-SSA: anti-Sjögren’s-syndrome-related antigen A 
(Ro) autoantibodies; anti-SSB: anti-Sjögren’s-syndrome-related antigen B (La) autoantibodies; RF: 
rheumatoid factor; C3: complement component 3; C4: complement component 4; ESR: erythrocyte 
sedimentation rate; CRP: C-reactive protein.
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salivary flow rates and that the sali-
vary flow rate tended to decrease with 
increased anti-AQP5 IgG levels. The 
presence of anti-AQP5 autoantibod-
ies was associated with a low salivary 
flow rate in mice, suggesting the role 
of anti-AQP5 autoantibodies in the dry-
ness of pSjD patients. Of note, despite 
the reduced salivary flow, no histologic 
abnormality was observed in the sali-
vary glands of the mice with anti-AQP5 
autoantibodies, suggesting a functional 
impairment rather than tissue damage as 
the main pathogenetic mechanism (7).
Although the principal cause of exo-
crine glands hypofunction remains un-
clear in pSjD, likely inflammation, acini 
destruction, and altered AQP5 expres-
sion and/or localisation are involved. 
Coherently, a link between inflamma-
tion and altered AQP5 expression, me-
diated by cytokines such as interferon-g 
and tumour necrosis factor α, has been 
proposed (18, 19). Anti-AQP5 autoan-
tibodies presence was evaluated in an 
Asian multicentric cohort including 111 
pSjD patients and 43 non-SjD “SICCA” 
controls. A strong correlation with the 
presence of other autoantibodies, in-
cluding SSA, RF, and ANA, but also 
with histopathologic and clinical fea-
tures of pSjD such as focal lymphocytic 
score (FLS) ≥1 and ocular staining score 
≥3 was observed (8).
The association of high anti-AQP5 
levels with high FLS suggested that 
local production at the salivary glands 
contributes to the levels of anti-AQP5 
autoantibodies. Still, the correlation 
between the presence of these autoan-
tibodies and the systemic manifesta-
tions of pSjD, ESSPRI, and ESSDAI 
were not investigated (20). In our co-
hort, a high disease activity state (ES-
SDAI ≥14) was significantly associated 
with higher anti-AQP5 levels, elevated    
ESSPRI, and lower disease duration. 
Surprisingly, no association between 
elevated ESSDAI and the presence of 
xerostomia, xerophthalmia, including 
positivity to the Schirmer test, and fo-
cus score obtained from salivary gland 
biopsy were observed in our cohort. 
According to the literature, apart from 
previously reported data on the pres-
ence of anti-PUF60 antibodies in DM 
and pSjD patients, existing evidence 

on anti-PUF60 antibodies is scarce. 
Overexpression of abnormal splicing 
variants of the PUF60 gene has been 
associated with colorectal cancer de-
velopment and detected in the sera of 
patients with oesophageal squamous 
cell carcinoma, potentially acting as a 
new biomarker (21, 22).
In our cohort, the level of anti-PUF60 
antibodies was associated with elevated 
ESSPRI and other autoantibodies, in-
cluding RF, anti-SSA, anti-SSA, and 
ANA. However, no significant associa-
tion with ESSDAI was observed.
The main limitation of this study was 
the small sample size, specifically the 
low number of included HD and the ab-
sence of “sicca” controls. Furthermore, 
all enrolled subjects were female, as 
pSjD predominantly affects females. 
Therefore, the impact of sex on disease 
activity status and autoantibody levels 
could not be assessed. Finally, all pa-
tients treated with rituximab were also 
affected by cryoglobulinaemia.
Despite this study’s limitations, our 
findings give valuable insights into the 
clinical meaning of anti-AQP5 and anti-
PFU60 antibodies in patients affected 
by pSjD. The combination of patient-
reported outcomes, such as the ESS-
PRI, and objective measures of disease 
activity, such as the ESSDAI, provided 
a comprehensive approach to assessing 
pSjD and highlighted the relevant role 
of novel biomarkers in the view of new 
therapeutic development. Future clini-
cal trials with composite endpoints and 
larger cohorts of patients with pSjD (23) 
may confirm our preliminary findings.

Take home messages
•  In primary Sjögren’s disease (pSjD), 

in addition to glandular inflamma-
tion and atrophy, functional secre-
tion impairment may contribute to 
dryness.

• Aquaporin-5 (AQP5) plays a key 
role in gland secretion, and abnormal 
distribution of AQP5 proteins and 
the presence of anti-AQP5 antibod-
ies have been reported in pSjD. 

• Anti-AQP5 antibodies are detectable 
and their levels, but not anti-Poly-U-
binding-Factor-60 (PUF60) antibod-
ies, correlate with clinical and labo-
ratory features of pSjD.
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Sjögren’s syndrome: a systemic autoimmune 
disease. Clin Exp Med 2022; 22(1): 9-25. 

 https://doi.org/10.1007/s10238-021-00728-6
  2. DINESCU ŞC, FORŢOFOIU MC, BUMBEA AM, 

CIUREA PL, BUSUIOC CJ, MUŞETESCU AE: 
Histopathological and immunohistochemical 
profile in primary Sjögren’s syndrome. Rom 
J Morphol Embryol 2017; 58(2): 409-17.

  3. OGAWA Y, TAKEUCHI T, TSUBOTA K: Auto-
immune epithelitis and chronic inflammation 
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